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w xThe considerations of the previous paper 1 can be extended to the case
of an observer external to the two points A and D. We have an observer
 .O point at rest with respect to which A is moving velocity ¨ and D with1
velocity y¨ . The external relative velocity or separation velocity of A and2
D as observed by O is ¨ q ¨ . This can assume values up to 2c consistent1 2
with special relativity. It has been emphasised earlier by the author that
this is the Newtonian addition of Einsteinian velocities.
Let A and D be separated by a distance L when observed simultane-
ously. In the language of the Lorentz transformation, x s L, t s 0, i.e., A
and D are observed simultaneously. If we shift to an observer O9 moving
with a velocity ¨ then
L yL¨
1 1 1x s s L , t s s yD .
2 2 2 2 2’ ’1 y ¨ rc c 1 y ¨ rc
D is a function only of x and ¨ and so it is the same as before but the
points A and D are both moving with velocities ¨ 1 and y¨ 1 with respect1 2
to O9,
¨ y ¨ ¨ q ¨1 21 1¨ s , ¨ s .1 22 21 y ¨ ¨rc 1 q ¨ ¨rc1 2
Each is less than c but ¨ 1 q ¨ 1 may assume values up to 2c. D is observed1 2
earlier to A by D at a distance L9 from A but unlike the earlier case, A is
moving with velocity ¨ 1. Therefore we have to trace back its position D1
earlier in time.
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A is observed at a distance
¨ 1¨11 1 1 1L q ¨ D s L 1 q s L1 E2 /c
from D simultaneously at the earlier time. After a time D, A and D are
separated by
¨ 1¨21 1 1 11L y ¨ D s L 1 y s L2 E2 /c
simultaneously, i.e., D has moved ¨ 1 D towards A. Thus the case of the2
external observer introduces the factors 1 q ¨ 1¨rc2 for L1 and 1 y ¨ 1¨rc21 E 2
and L11 which become 1 and 1 y ¨ 2rc2 if ¨ 1 s 0 and ¨ 1 s ¨ . We denoteE 1 2
the ``dilated'' and ``contracted'' lengths by L1 and L11 with the suffix E,E E
L1 y L11 s ¨ 1 s ¨ 1 D . .E E 1 2
It is important to note that we should add or subtract the distance
travelled only by one of the particles A or D to achieve simultaneity
earlier or later since A and D are observed with a spatial separation L1
and time difference D.
When L1 shrinks to L11 in time D we can treat it as the mathematicalE E
equivalent to a rod CD of length L11 moving across a rod AB of lengthE
L1 in time D,E
L1E ]
A B
11LE I
C D
The coincidence of B and D, and of A and C, is separated in time by D,
AB moving with velocity ¨ 1 and CD with ¨ 1 towards it, the relative1 2
velocity being ¨ 1 q ¨ 1 in the rest frame of O9,1 2
L1 y L11E E 1 11s T y T s D .E E1 1¨ q ¨1 2
T 1 and T 11 are the ``dilated'' and ``contracted'' times with respect toE E
L
T s .E ¨ q ¨1 2
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We can now obtain L1 and L11 in exactly the same manner as we did inE E
w xthe previous paper 1 by considering rod AB moving with velocity ¨ with1
length L in motion, and another rod CD with velocity ¨ in the opposite2
direction with the same length in motion in the rest system of O,
LA B
LC D
so that the two events, coincidence of B and D and of A and C, are
simultaneous and separated by L as the observer by O. In the rest system
of O1, the lengths of AB and CD are
12 2 12 2’ ’L 1 y ¨ rc L 1 y ¨ rc1 21 11L s , L s .E E2 2 12 2’ ’1 y ¨ rc 1 y ¨ rc1 2
These are obtained by first computing the rest lengths and then the
contracted lengths. Since
¨ y ¨ ¨ 1 q ¨1 11¨ s , ¨ s ,1 12 1 21 y ¨ ¨rc 1 q ¨ ¨rc1 1
substituting for ¨ we obtain1
L 1 q ¨ 1¨rc2 ¨ 1¨ .1 11 1L s s L 1 q .E 2 /2 2 c’1 y ¨ rc
L11 is obtained by replacing ¨ 1 by y¨ 1.E 1 2
Hence the Theorem,
L1 y L11E E1 11T y T s D s .E E 1 1¨ q ¨1 2
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